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Prevalence of psammoma bodies in meninges and choroid plexuses of raccoons (Procyon lotor) from Parramore Island, Virginia
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Abstract. Microscopic evidence of multifocal mineralizations (psammoma bodies) were seen in brains of 33/53 (62%) raccoons (Procyon lotor) necropsied on Parramore Island, Virginia. Most mineralized foci had concentric laminations and were present in small capillaries of meninges of the brain (15/33), in choroid plexus (3/33), or at both these sites (13/33). In 2 raccoons, the lesions were confined to the meninges of the proximal cervical spinal cord. In most cases, the affected vessels appeared to have been completely occluded. However, no evidence of ischemic changes in the brain parenchyma was seen, and none of the raccoons had abnormal neurologic signs prior to euthanasia. The condition appears to be a common incidental histopathologic finding in raccoons from the eastern United States. Although the exact cause of this condition is not known, a primary vascular insult with resultant dystrophic mineralization of the affected vessels is suspected.
With advancing age, the human brain shows increased presence of mineralized foci. 1 Often referred to as psammoma bodies, such mineralized foci are small hardened bodies composed of concentric rings of calcium carbonate and calcium and magnesium phosphate. 1 Similar findings have also been observed incidentally in raccoons (Procyon lotor) from different geographical sites in the USA. [2] [3] [4] However, a detailed description and estimation of prevalence of this condition in raccoons have not been published.
The raccoons for this study were obtained during a field investigation of an oral vaccinia rabies glycoprotein (VRG) recombinant virus vaccine for raccoons on Parramore Island, Virginia. 5 At that time, various tissues of raccoons were examined for histopathologic changes to detect potential adverse reactions to the vaccine.
The VRG vaccine trial on Parramore Island (37Њ32ЈN; 75Њ38ЈW) extended over a 12-month period (August 1990 to August 1991). To evaluate the effects of the vaccine, 53 adult raccoons (37 males, 15 females, and 1 with gender not recorded) were livetrapped, euthanized by intravenous barbiturate overdose, and necropsied on the island. Although detailed neurologic examinations were not performed on the raccoons prior to euthanasia, none of the animals showed any obvious neurologic signs.
Representative tissues of all major organs were collected and placed into 10% neutral buffered formalin. The fixed tissues were processed for histopathology, sectioned at 5 m, and stained with hematoxylin and eosin (HE) for examination by light microscopy. For each raccoon, 3 coronal tissue blocks of different areas of the brain (2 unilateral sections of cerebrum [rostral and occipital] and 1 section each of cerebellum and brain stem) and 1 section of the proximal cervical spinal cord were selected for histopathology. Selected brain sections with areas of mineralization were also stained by McManus periodic acid-Schiff (PAS) and von Kossa stains. For the purpose of this study, only the relevant microscopic capillary lesions in the brain and the proximal spinal cord are reported.
The presence of microscopic mineralized foci with or without concentric laminations (psammoma bodies) was observed in 33/53 (62%) raccoons. Although a higher prevalence was observed in females (12/15, 80%) than in males (21/37, 57%), these differences were not significant ( 2 text, P Ͼ 0. 1). All the animals in this study were adults, and because the ages of individual raccoons were not determined, it was not possible to determine whether the lesions were age dependent.
In Ͼ90% of the raccoons (31/33), the lesions were present within small, thin-walled capillaries (Figs. 1, 2) . In 2 raccoons, the affected vessels had larger lumina and thicker walls ( Fig. 3 ). In the tissues surrounding the psammoma bodies, there were usually moderate amounts of fibrosis and small focal aggregates of inflammatory cells (lymphocytes and plasma cells) ( Figs. 1, 4) . The mineralized concretions had concentric laminations (Fig. 2 ) and stained positive with the PAS and von Kossa stains. Often, this material was present within the lumina of the vessels and appeared to have completely blocked the vessels. Occasionally, segmental and circumferential mineralization of the vessel walls was evi-dent without the presence of mineralized foci in the lumina. In 1 of the 2 raccoons in which the larger blood vessels were involved, there was also bone formation within the mineralized area (Fig. 5 ). Although in this raccoon the cerebrum adjacent to the affected vessel revealed an area of mild compression of the neuropil (Fig. 5 ), it did not show any changes suggestive of blockage of blood vessels. None of the other raccoons in this study that had psammoma bodies had ischemic changes in the brain paranchyma.
Examination of the anatomic location of the affected vasculature revealed the presence of the psammoma bodies in the leptomeninges in 15/33 (46%), in the choroid plexuses of 3/33 (9%), and in capillaries at both these locations in 13/ 33 (40%) raccoons. The leptomeningeal lesions were observed over either the cerebrum or the cerebellum, and in none of the sections were they seen in vessels over the brain stem region. In 2 raccoons, the lesions were confined to the meningeal vessels of the proximal cervical spinal cord.
The presence of mineralized material within the meningeal and choroidal blood vessels has been reported not only in raccoons from Parramore Island 2 but also in raccoons from other parts of the USA, i.e., Ohio, Pennsylvania, and New Jersey. 3, 4 However, its morphologic description and the prevalence of the condition had not previously been documented. In the present study, 4 brain tissue sections/raccoon were examined histologically, and mineralized foci were seen in 62% of the brains. However, the lesions were not present in all the sections. Their presence was observed in either 3 sections (3/33), 2 sections (13/33), or 1 section (17/ 33). Because this pattern indicated that the lesions were randomly distributed, the prevalence of this condition could have been higher if Ͼ3 brain sections/raccoon were examined. To test this hypothesis, brains of 4 other raccoons (2 each from Pennsylvania and Ohio) were obtained and cut into approximately 4-mm-wide coronal sections, and all the sections (n ϭ 25) were processed for histopathology. Microscopic examination of these sections revealed psammoma bodies in an average of 7 sections/brain (range, 5-13).
The area around the mineralized vessels had various amounts of fibrosis and some focal aggregates of lymphoplasmacytic cells. This finding suggests a prior vascular insult; therefore, the process of mineralization of the vessels can be considered a dystrophic change, with the mineral being deposited in the damaged vascular tissue.
In this study, except for 2 raccoons, the affected vessels were of small caliber, and although their lumina appeared to be completely blocked, none had any ischemic changes in the brain. The lack of ischemia can be attributed to the small size of the affected vessels and the development of collateral blood circulation. Cerebral infarcts are not common in animals. 6, 7 Two cases of ischemic necrosis of the cerebral cortex have been reported in raccoons. 3 In both cases, there were also small areas of mineralizations within capillaries of the meninges of the brain. However, because the affected vessels were small, the authors did not consider these vascular lesions as the cause of the cerebral ischemia. However, as shown in the present study, occasionally larger vessels can appear to be blocked by mineralized material and bone formation (Figs. 3, 5 ).
In humans, psammoma bodies do not appear to cause any clinical signs and are, therefore, thought to be physiologic. 8 Similarly, in raccoons the mineralization of small capillaries in the meninges and the choroid plexuses appears to be a common incidental finding.
Abstract. The complement fixation (CF) test commonly is used to identify cattle infected with Anaplasma marginale prior to interstate or international movement. Estimates of the accuracy of the CF test in detecting animals persistently infected with A. marginale vary widely. In this study, the sensitivity and specificity of the CF test for detection of carrier animals was determined using serum from 232 cattle previously defined as A. marginale positive or negative by nested polymerase chain reaction methods and hybridization. Considering results from 2 independent laboratories and interpreting a 1:5 suspect reaction as positive, the best estimate of CF test sensitivity was 20%, with a specificity of 98%. Using a 1:10 cutoff, sensitivity decreased to 14% and specificity increased to 99%. Results of this study indicate that the CF test is ineffective for identifying cattle persistently infected with A. marginale and thus is inadequate for anaplasmosis regulatory and surveillance programs.
Anaplasmosis is an economically significant and widespread disease of cattle and other ruminants in tropical, subtropical, and temperate countries worldwide. 4, 7, 17 The infectious agent, Anaplasma marginale, is a rickettsial hemoparasite transmitted either biologically by ticks or mechanically by other arthropod vectors. 1, 17, 25 Based on 16S ribosomal DNA gene sequence, A. marginale recently has been classified in genogroup II of the Ehrlichaea. 23 During the acute phase of anaplasmosis, rickettsemia doubles approximately every 24 hours for 10-14 days, resulting in severe anemia and weight loss with possible abortion, jaundice, and death. 2, 8, 12, 24 Diagnosis of acute anaplasmosis is based on clinical signs, anemia, and Giemsa staining of peripheral blood smears for typical intraerythrocytic Anaplasma inclusion bodies. 17, 24 Recovery from acute anaplasmosis results in a long-term or lifetime carrier state, during which the rickettsemia cycles at levels undetectable by Giemsa staining. 6, 17, 24 Cyclical levels of rickettsia in persistently infected cattle fluctuate between 10 2.5 and 10 7 infected erythrocytes/ml, with the lowest levels lasting approximately 5-8 days of every 5-6-week cycle. 7, 9, 12 Because persistently infected cattle serve as a reservoir for the spread of A. marginale, their detection is im-
